The objectives of the present study were to identify the cis-elements of the promoter absolutely required for the efficient rat NHE3 gene transcription and to locate positive and negative regulatory elements in the 5'-flanking sequence (5'FS), which might modulate the gene expression in proximal tubules, and to compare this result to those reported for intestinal cell lines. We analyzed the promoter activity of different 5'FS segments of the rat NHE3 gene, in the OKP renal proximal tubule cell line by measuring the activity of the reporter gene luciferase. Because the segment spanning the first 157 bp of 5'FS was the most active it was studied in more detail by sequential deletions, point mutations, and gel shift assays. The essential elements for gene transcription are in the region -85 to -33, where we can identify consensual binding sites for Sp1 and EGR-1, which are relevant to NHE3 gene basal transcription. Although a low level of transcription is still possible when the first 25 bp of the 5'FS are used as promoter, efficient transcription only occurs with 44 bp of 5'FS. There are negative regulatory elements in the segments spanning -1196 to -889 and -467 to -152, and positive enhancers between -889 and -479 bp of 5'FS. Transcription factors in the OKP cell nuclear extract efficiently bound to DNA elements of rat NHE3 promoter as demonstrated by gel shift assays, suggesting a high level of similarity between transcription factors of both species, including Sp1 and EGR-1.
Introduction
NHE3 is an Na + /H + exchanger member of the SLC9A family of transporters and is the predominant route for H + secretion in the apical membrane of proximal tubules, where it plays a key role in fluid reabsorption and pH homeostasis (1) . Regulation of NHE3 activity, which is relevant for homeostatic mechanisms, depends on a highly complex interplay of proteins and signaling pathways, which adjust not only the Na + reabsorption and H + secretion, but also the transepithelial flux of other solutes reabsorbed by transporters indirectly coupled to NHE3 (2, 3) . In parallel to acute regulatory mechanisms of NHE3 activity, the expression of this protein is also adjusted to different chronic physiological or pathological conditions. Chronic metabolic acidosis (4-6), reduced extracellular volume (7), exposure to angiotensin II (8, 9) , insulin (10), glucocorticoids (10) (11) (12) , thyroid (13) , or parathyroid hormones (14, 15) are all conditions that can alter NHE3 expression. The regulated steps that result in changes of NHE3-mRNA levels in these different states can occur at any point from gene transcription to the final mRNA degradation in the cytoplasm.
The rat NHE3 promoter region was first sequenced in 1996 by Cano (16) and by Kandasamy and Orlowski (12) . A predominant initiation site was identified at position -97 (thymine) in kidney and intestine, although multiple start sites were clustered between nucleotides -100 and -96 relative to the translation initiation site (12) . Comparing the 1.6 kb of the 5'-flanking sequence (5'FS) of rat and human NHE3 promoter, it was possible to detect 39% overall identity. Higher
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identity, 79%, was detected in the first 100 bp, where specificity protein 1/3 (Sp1/3), early growth response factor 1 (EGR-1), activator protein-2 (AP2), and TATA-like sequences appear at the same positions in both promoters (17) . Hormone receptor-responsive elements (e.g., triiodothyronine and glucocorticoid receptor binding sites) were identified in less restricted positions and orientation in the NHE3 gene promoters of these two species. Human and rat NHE3 gene promoters were analyzed in detail in the intestinal cell line Caco-2. Some relevant elements that modulate gene transcription upon stimulation with phorbol 12-myristate 13-acetate (PMA), sodium butyrate (NaB), or interferon-γ/tumor necrosis factor-α (INF-γ/TNF-α) were mapped to the proximal promoter, where the transcription factors Sp1, Sp3 and EGR-1 can bind and compete for neighboring binding sites (18) (19) (20) . Our main goal in the present study was to analyze the transcriptional regulation of the NHE3 gene in renal proximal tubule cells and to compare our observations to those reported in previous studies on the regulation of this gene in intestinal cells. We report a detailed analysis of the NHE3 promoter in a proximal tubule cell line of opossum kidney (OKP). We focused on identifying stimulatory or inhibitory regions within the first 2000 bp of the 5'FS of NHE3 gene, and located the relevant regulatory cis-elements in the proximal promoter.
Material and Methods
We purchased Dulbecco's modified Eagle's medium (DMEM), heat-inactivated fetal bovine serum, sodium piruvate, and penicillin/streptomycin from Life Technologies (Gibco BRL, USA); Lipofectamine Plus Reagent and Platinum Taq DNA Polymerase from Invitrogen (USA); Dual Luciferase Assay System, pGL3-basic vector and pRL-CMV vector, and endonuclease restriction enzymes from Promega (USA). OKP cells, a clonal sub-line of the opossum (Didelphis virginiana) kidney cell line originally described by Cole et al. (21) , were kindly provided by Dr. Orson W. Moe (University of Texas Southwestern Medical Center, Dallas, TX, USA). All other reagents and chemicals were obtained from Sigma Chemical (USA), unless otherwise specified.
Cell culture
OKP cells were maintained in 75-cm 2 tissue culture flasks in DMEM containing 10% heat-inactivated fetal bovine serum, 1 mM sodium piruvate, 100 U/mL penicillin, and 100 µg/mL streptomycin. Cultures were incubated at 37°C in a humidified 5% CO 2 air atmosphere.
Promoter luciferase constructs
We obtained by PCR a segment of the rat NHE3 gene promoter by using primers with endonuclease restriction sites at 5'-ends (forward primer: TCTAGAAAGTAAGCCCCACCTGAG; reverse primer: AGGAGCCGACACGCATACCGTG). The PCR product was cloned and sequenced in both directions. Using restriction enzymes, we obtained 2 different segments of the promoter, -2095/-17 and -2095/+55, which were cloned in pGL3-basic vector (Promega). The inserted fragment containing 2150 bp, which encompasses 2095 bp from the 5'FS and 55 bp from the first exon of the rat NHE3 gene, was used for subsequent deletions of the NHE3 gene 5'-flanking region, keeping the common 3'-end at +55 bp. The different segments of the NHE3 gene regulatory region were generated by using Bsu36I and one of the following restriction endonucleases: PvuII (-1196/+55); NsiI (-889/+55); SstII (-467/+55) and ApaI (-152/+55). After digestion, the constructs were purified, blunt ended and religated into the pGL3 vector. Since we could not obtain smaller segments with restriction enzymes, we obtained them by PCR amplification with the primers depicted in Table 1 . These reactions resulted in the following segments: -157/+31, -85/+31, -65/31. Restriction sites were added to the 5'-end of the primers for directional cloning in the pGL3-basic vector. Segments corresponding to -44/+31, -33+31, and -25/+31 were obtained by annealing of the synthetic sense and antisense corresponding oligonucleotides (Table 1) , and were inserted into the same gene reporter expression vector, pGL3-basic.
Point mutations in putative regulatory elements
Mutant constructs were obtained by site-directed mutagenesis in the forward or reverse PCR primers ( Table 2 ). The following promoter segments were obtained: -80 to +31 mutated at position -72 (G to A; a putative binding site for EGR-1/Sp1); -80 to +31 mutated at positions -72 and -70 (G to A); -60 to +31 mutated at positions -58 and -57 (CG to AA; a putative binding site for Sp1); -60 to +31 mutated at positions -57 and -58 (CG to AA) and -51 and -50 (GC to AA; sites for Sp1 and EGR-1/AP2, respectively). Luciferase reporter gene assay OKP cells, 70-80% confluent, were transiently co-transfected with 400 ng pGL3-basic vector containing chimerical NHE3 promoter gene constructs or promoterless pGL3-basic vector, and 4 ng of the internal control pRL-CMV vector (Promega), which contains Renilla luciferase downstream of the CMV promoter, using Lipofectamine Plus Reagent (Invitrogen) according to the manufacturer protocol. The transfection medium was left to stand for 4 h and the cells were then incubated in fresh medium with serum for an additional 24 h. Luciferase was analyzed using the Dual-Luciferase Reporter Assay System (Promega).
Preparation of nuclear extracts and electrophoretic mobility shift assay
Nuclear extracts were prepared using the Nuclear Extraction Kit (Chemicon, USA) according to manufacturer instructions. All oligonucleotides for EMSA were synthesized by Invitrogen Life Technologies. Complementary oligonucleotides were rendered double stranded by heating to 100°C for 10 min and slowly cooling at room temperature. The following probes containing EGR-1/Sp1 (wild type, WT) and Sp1/AP2 (WT) binding sites were used: 5'-CGCAGCGGGGGCG-GGAAGGC-3', and 5'-CCCCGCCCTGGCGCGGGAGG-3'. The probes were end-labeled with [γ-32 P] ATP obtained from Perkin Elmer (10 pmol consensus oligonucleotides, 15 pmol [γ-32 P] ATP, and 10 units of T4 polynucleotide kinase, incubated for 90 min at 37°C) and were purified with S-300 HR columns (GE Healthcare, UK). Binding reaction mixtures [10 µg nuclear protein of OKP, 1 µg poly(dl-dC), 32 P-labeled probe (80,000 cpm), 50 mM NaCl, 0.2 mM EDTA, 0.5 mM DTT, 2% glycerol, and 210 mM Tris-HCl] were incubated for 20 min at room temperature. The binding specificity of these complexes was verified by competition assays with unlabeled WT probes in 5-, 10-, 20-, 50-, and 100-fold molar excess or mutated probes in 50-fold molar excess added to the reaction mixture 20 min before the labeled probe. DNAprotein complexes were separated by electrophoresis through a 5.5% nondenaturing polyacrylamide gel. The gels were vacuum-dried, exposed to a phosphor-imaging screen, and the image was scanned with the Typhoon scanner (Molecular Dynamics) and analyzed using the Image Quant software (GE). The super shift analyses were performed using 3 µg anti-Sp1 (Abcam, USA), anti-Sp3 (Abcam) and anti-EGR-1 (Abcam) rabbit polyclonal antibodies incubated with the binding reaction mixtures overnight at 4°C.
SDS-PAGE and immunoblotting
Protein samples were solubilized in SDS sample buffer (2% SDS, 10% glycerol, 100 mM dithiothreitol, 0.1% bromophenol blue, 50 mM Tris, pH 6.8), and proteins were separated by SDS-PAGE using 7.5% polyacrylamide gels according to Laemmli (22) . Immunoblotting was performed as previously described (23) .
Statistical analysis
Data are reported as means ± SEM. Comparison between two groups was performed using the unpaired t-test. If more than two groups were compared, statistical significance was determined by ANOVA followed by Tukey's post hoc test. A P value <0.05 was considered to be statistically significant.
Results

Functional mapping of the rat NHE3 promoter in OKP cells
Firstly, we analyzed the promoter efficiency of two different segments of the rat NHE3 gene 5'FS, -2095/+55 and -2095/-17, considering as +1 the major transcription start site described by Kandasamy et al. (12) . Although the -2095/+55 segment was able to induce transcription seven times above the basal level, no difference was observed between the -2095/-17 segment and the promoterless construct (data not shown). This result, which is in agreement with data reported by Rohman et al. (24) , is additional evidence of the correct mapping of the transcription start site and confirms the absolute requirement of this region for transcription initiation.
A series of recombinant plasmids containing different segments of the 5'FS of the rat NHE3 gene were transiently transfected into OKP cells and their relative activity is depicted in Figure 1 . The promoter segment -1196/+55 showed no difference in activity from the -2095/+55 region. The segment spanning -889/+55 was three times more efficient as a transcription activator than the previous segments, suggesting the presence of inhibitory elements between -1196 and -889. By removing an additional 422 bp from the 5'-end, we observed a decrease in the expression of the reporter gene, suggesting the presence of putative enhancers of transcription present between -889 and -467. Further deletion of 315 bp from the 5'-end, which produced the -152/+55 segment, resulted in a ~7-fold increase in luciferase activity, which
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was almost 60-fold higher than the promoterless vector. These initial experiments showed us that probably the most important regulators were in this region, what made it necessary to carry out a detailed analysis of the proximal NHE3 promoter, including the first 150 bp of the 5'FS, a region in which several putative regulatory elements have been identified by Kandasamy et al. (12) and Kiela et al. (25) , as shown in Figure 2A . We submitted the rat NHE3 promoter region to Genomatix for comparison to the Matrix Family Library Version 8.1 (MatInspector library), and some of the identified putative cis-elements are depicted in Figure 2B .
A promoter segment spanning nucleotides -157/+31 was generated by PCR amplification and used for comparison with the promoter activity of the shorter segments also obtained by PCR. The activity of the -157/+31 segment was the same as that spanning nucleotides 152/+55. Removal of 72 bp of the 5'-end (-85/+31) did not significantly affect the promoter activity, but removal of a further 20 bp (-65/+31) resulted in a significant reduction in reporter gene expression (Figure 3) . Removal of the following 21 nucleotides did not alter the promoter activity that continued to be about 30-fold above basal level. Upon deletion of 11 additional nucleotides, where an EGR-binding region was identified (Figure 2B ), we observed an almost 10-fold reduction in the promoter activity of the remaining segment -33/+31, which retained an activity only 4-fold above the basal level. Removal of 7 additional nucleotides, identified as a putative binding site for the Krueppel-like factor (KLF) and for the bicoid-like homeodomain transcription factor (BCDF; MathInspector -Genomatix; Figure 2B ), or a putative binding site for transcription factor II D (TFIID; Figure 2A ) (24), further reduced the transcription efficiency to 3-fold above basal level ( Figure 3 ). The transcription of the shortest fragment of the promoter region still occurred, although in a lower level. This agrees with experiments reported by Kiela et al. (25) , who showed that the construct spanning -20+/58 bp exhibited significant activity (4.9-fold above background) in Caco-2 cells.
Point mutations in putative binding elements and GMSA
As depicted in Figure 4 , point mutations in EGR-1/Sp1 elements at -72 and -70 resulted in a significant decrease in promoter activity of the -85/+31 segment. In a series of gel mobility shift assays (GMSAs), a double-stranded oligonucleotide (-80 to -61) spanning the EGR-1/Sp1 motif was used as an end-labeled probe and was incubated with nuclear extracts from OKP cells. We demonstrated that this sequence forms at least two specific shifted DNA-protein complexes (C1-C2; Figure 5A ). Protein-DNA interaction in C2 was less stable, since it was displaced by 5X molar excess of an unlabelled WT probe, while in C1 this interaction was not totally displaced even by 50X of unlabelled WT probe. We also tested the ability of individual and composite mutants of the EGR-1/Sp1 binding sites, used in 50X molar excess, to compete for binding as an indirect measure of their affinities for transcription factors. Single site -72 (M1) and -70 (M2) mutants, as well as composite mutants (-72/-70; M3) were ineffective as competitors, showing the importance of both sites in interacting with transcription factors. The identities of the proteins present in these complexes were established by super shift assays ( Figure 5B ). The anti-Sp1 antibody displaced the C2 complex, identifying the protein component of this complex as Sp1. The anti-EGR-1 antibody displaced the C1 complex, identifying the protein component of this complex as EGR-1, and the anti-Sp3 antibody did not affect any of the DNA-protein complexes. The expression of the transcription factors Sp1, Sp3, and EGR-1 in OKP cells was confirmed by Western blots by using rabbit polyclonal antibodies ( Figure 5C ), also used in super shift assays ( Figure 5B) .
When analyzing the -65/+31 segment, we mutated the positions -57 and -58 (CG to AA), at a putative binding site for TBP/Sp1 ( Figure 2B ; MathInspector) or for Sp1 (Figure 2A ) (24) , and the positions -50 and -51 (GC to AA), at a putative binding site for AP2 (Figure 2A) (24) or TBP/EGR ( Figure 2B ) (MathInspector). The first two mutations reduced the promoter activity by 63%, and mutations in the four positions simultaneously reduced the promoter activity by 81%, as presented in Figure 6 .
A double-stranded oligonucleotide including the promoter segment of -61 to -42 bp was end-labeled and used for EMSA with a nuclear extract of OKP cells. Figure 7A shows that this sequence forms two specific shifted DNA-protein complexes (C1-C2) when incubated with a nuclear extract of OKP cells. The affinity of the binding sites for the transcription factors was indirectly estimated by adding cold WT (5 to 50X molar excess) or mutated oligonucleotides (50X molar excess) in order to compete for binding sites putatively occupied by labeled probes. The labeled probe was displaced only with the 50X WT probe. The composite mutant -58/-57 probe (M1) efficiently competed for the C1 complex, but not for the C2 complex, suggesting that C2 binds to nucleotides -58/-57 (CG). The composite mutant -51/-50 (M2) efficiently competed for both complexes, suggesting that nucleotides at positions -51/-50 are not relevant for the binding of these complexes. Interestingly, the composite mutant -58/-57/-51/-50 (M3) efficiently competed for both complexes, suggesting that mutations at positions -51/-50 made the mutations at positions -58/-57 acceptable as competitors for complex C2, probably due to a conformational change. These results might indicate low specificity of the selected sites for the transcription factors. It would be important to know the sequence of the D. virginiana promoter, which is not available at GenBank, in order to obtain a better prediction of the consensus sites for transcription factors in this species. In super shift assays, all the antibodies used, anti-Sp1, anti-Sp3 and anti-EGR-1, displaced the C2 complex ( Figure 7B 
Discussion
The effective role of some regulatory elements in the rat 5'FS and in the human NHE3 gene in the modulation of transcription has been reported mainly in human intestinal cell lines (Caco-2, C2BBel) (12, (17) (18) (19) (20) 26) . Renal proximal tubule (OKP and LLC-PK1) (9,12,13,21) and collecting duct cells (MDCK) (27) have also been used for analysis of the NHE3 promoter, although less frequently. OKP, a well-established cell culture, is a good proximal tubule model for studying NHE3 because, in addition to having a relatively stable phenotype, NHE3 is virtually the only Na + /H + antiporter present in these cells, and many of the signaling molecules relevant for the regulation of its expression and activity are also expressed in OKP cells. Moreover, we have shown in the present study that endogenous opossum transcription factors bind with high or moderate affinity to DNA elements of the rat NHE3 promoter, suggesting a high level of identity between the DNA binding domains of opossum transcription factors and those of the corresponding transcription factors of the rat. Although recombinant exogenous transcription factors have been expressed in OKP cells in order to evaluate protein-DNA interactions by gel shift assays (21) , the interaction between opossum proteins and rat NHE3 promoter had not been clearly demonstrated to date.
By performing the sequential shortening of the 5'-end of the NHE3 gene regulatory region, we observed that the segment spanning the first 152 bp upstream of the transcription start site was more efficient in promoting the reporter gene expression than the other segments extending further upstream. The most relevant elements for NHE3 gene transcription are included in the first 150 bp of the 5'FS. However, a careful analysis of the transcriptional activity of the different segments of the 5'FS demonstrated that inhibitory (-1196/-889 and -467/-315) and stimulatory (-889/-467) elements can fine tune NHE3 expression. Conspicuous differences between the activity of different segments of the rat NHE3 promoter spanning regions -1360/+58, -1194/+58, -715/+58 and -450/+58 were not observed in Caco cells, and shorter fragments such as -320/+58 and -81/+58 were less active than the larger ones (25) . These results contrast with our findings. Excluding differences in transfection efficiency, which we avoided by careful quantification of the constructs and normalization to an internal control, our results suggest a considerable flexibility in NHE3 expression in renal proximal tubules, depending on which regions of the promoter are available for interaction with transcription factors. In vivo, the availability of different regions of the promoter depends on the chromatin structure, which is dynamic and can change depending on the interacting factors.
We localized the most relevant elements for efficient NHE3 gene transcription between -85 and -33 of 5'FS. Analyses of the activity of the human NHE3 proximal promoter in intestinal cells after sequential shortening at the 5'-end have shown results not substantially different from ours (20) . The segment spanning -95/+5 exhibited maximum activity; the segment spanning -43/+5, which approximately corresponds to our rat segment -33/+31, was no more than 3-fold as active as the promoterless construct (17) .
Through the analysis of the rat NHE3 gene promoter by MathInspector we identified in the region -85 to -33 putative binding sites for CEBP/EBOX, Sp1 (2 cis-elements), EGR-1, NF-kB, E2F-Myc, and 2 TBP-dependent core promoter elements for RNA polymerase II transcription from the TATA-less promoter. Some, but not all, of these identified ciselements have already been described (12). There is a high level of similarity between the rat and human NHE3 gene promoters in the first 100 bp upstream to the start site, and the consensus sequences in the segment spanning -85 to -33 are well conserved between the two species (17), strongly indicating that this region is essential for NHE3 expression. Single (-72 nucleotide) or double (-72 and -69 nucleotides) mutations in the Sp1 (Sp1A) or EGR-1/E2F-Myc consensus sequence significantly reduced the promoter activity of the segment spanning -85 to +31.
The gel shift experiments with the probe spanning -80 to -61 confirmed that in OKP cells, under basal conditions, Sp1 and EGR-1, but not Sp3, bind to this region. The observed interaction of Sp1 and EGR-1 with the corresponding binding sites is in accordance with the role of this region for the activation of the human NHE3 gene transcription by PMA and NaB, and inhibition by IFN-γ/TNF-α (18) (19) (20) in intestinal cells. PMA favors EGR-1 to the detriment of Sp1/Sp3 binding, and IFN-γ/TNF-α down-regulate the expression of human NHE3 by cAMP-dependent protein kinase (PKA)-mediated phosphorylation of Sp1 and Sp3 transcription factors (18) . Previous results from our laboratory demonstrating the PKA-dependent inhibitory effect of parathyroid hormone on the proximal NHE3 promoter in OKP cells (28) , an effect that might be related to phosphorylation of Sp1, are also additional evidence for the relevance of this Sp1 binding for efficient expression of NHE3.
The Sp1 binding site previously defined as SpB by Kiela et al. (26) was also shown to be relevant for NHE3 expression in proximal tubule cells. Mutations in positions -58/-57 or in positions -58/-57 and -51/-50, where cis-elements for Sp1/
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TBP/Myc and EGR-1/AP2 were identified, respectively, severely affected the promoter activity of the -65/+31 segment. However, complete removal of the 21 nucleotide from -65 to -44 did not change the expression of the reporter gene. This may be due to conformational changes in the mutated DNA that disturbed relevant protein interactions with sites downstream from -44 bp, although these interactions were not disturbed when the whole segment of 21 nucleotides was removed. We could not clearly establish which transcription factor interacts with the -61 to -42 region. Antibodies to Sp1, Sp3 and EGR-1 all displace the C2 complex. This is a region where binding sites for all these transcription factors overlap, and binding of an antibody to any one of these transcription factors could destabilize the complex. Apparently, incubation with Sp1 antibody and, less clearly, with EGR-1 antibody resulted in a super shift of DNA/protein complexes, suggesting the participation of Sp1 and perhaps EGR-1 in these complexes.
The key element for the stability of the primary transcription factors appears to be in the next downstream 11 bp, where an EGR-1 binding site was identified, since its removal resulted in an almost 10-fold decrease in promoter activity.
Taken together, our results support the conclusion that essential regulatory elements for the expression of NHE3 in the proximal promoter (initial 150 nucleotides of 5'FS) are similarly used in intestinal and in renal proximal tubule cells. However, considerable differences in the fine-tuning modulation by regulatory elements upstream to -150 may be suggested, in view of the variability in the promoter efficiency depending on the length of the analyzed 5'FS. Twenty to twenty-five nucleotides of 5'FS are the minimum necessary for the assembly of primary transcription factors, but an efficient transcription only occurs with 44 bp upstream to the start site. We demonstrated that regulatory elements present Firefly luciferase reporter constructs containing various lengths of the proximal NHE3 promoter were generated as described. The chimeric promoter-Firefly luciferase gene with different 5'-ends and a common 3'-end (+31) was cotransfected with pRL into opossum kidney, clone P (OKP) cells. After 24 h, the cells were lysed and assayed for Firefly and Renilla luciferase activities. The promoter activity is expressed relative to the activity of the promoterless vector and is normalized for variations in transfection efficiency using Renilla luciferase activity. Data are reported as means ± SEM for at least three independent transfection experiments performed in triplicate. The spanning region is indicated on the left side of each bar. *P < 0.05 for statistical comparisons among the fragments (ANOVA followed by the Tukey test). were introduced by PCR in the putative binding site to Sp1/EGR-1. The promoter activity is reported relative to the activity of the promoterless vector and is normalized for variations in transfection efficiency using Renilla luciferase activity. Data are reported as means ± SEM for at least three independent transfection experiments performed in triplicate. *P < 0.05, relative to WT; δ P < 0.05, relative to single mutation (ANOVA followed by the Tukey test). was evaluated by measuring luciferase activity in transient transfected opossum kidney, clone P (OKP) cells. Double mutations of the -58 and -57 nucleotides (CG to AA), and combined double mutations of the -58/-57 and -51/-50 nucleotides (GC to AA) were introduced by PCR into the putative binding sites to Sp1/TBP and AP2/EGR-1. The promoter activity is expressed relative to the activity of the promoterless vector and is normalized for variations in transfection efficiency using Renilla luciferase activity. Data are reported as means ± SEM for at least three independent transfection experiments performed in triplicate. *P < 0.05, relative to WT; δ P < 0.05, relative to double mutation (ANOVA followed by the Tukey test). A, The -61/-42-bp sequence used as probe in a gel mobility shift assay formed two specific shifted DNA-protein complexes (C1 and C2) with opossum kidney, clone P (OKP) nuclear proteins. These complexes competed in a dose-dependent manner with the unlabeled wild-type (WT) probe. The composite mutant -58/-57 probe (M1) efficiently competed for the C1 complex, but not for the C2 complex. The composite mutant -51/-50 (M2) as well as the composite mutant -58/-57/-51/-50 (M3) efficiently competed for both complexes. The cis-elements are emphasized by rectangles and the bold letters indicate mutations. B, In the gel mobility super shift assay with OKP nuclear extract, the C2 complex was disassembled when any one of the three antibodies, Anti-Sp1, -Sp3 and -EGR-1, was added to the OKP nuclear extract incubation mix (lanes 2, 3, and 4). Apparently a super shift can be observed in lane 2, and possibly in lane 4, indicating that Sp1 and perhaps EGR-1 participates in these complexes.
